Tevatron performance suffers from a coherent Vansverse instability. Experimental and theoretical studies allow identifying the instability as a weak head-tail, driven by the short-range wake fields in presence of the space charge. Growth rates and coherent tune shifts are measured at injection of single high-intensity proton bunch using a fast strip-line pickup. landau damping through the octupole-generated betatron tune spread for all unstable head-tail modes has been demonstrated.
INTRODUCTION
Ln order to prevent developing a transverse coherent instability for high intensity proton beam the Tevatron lattice chromaticities should he set above { , , ?
-8 at the injection (150 GeV) and above {x,y -26 at the collision energy (980 GeV). Although it suppresses the instability, it results in a degradation of the machine performance due to reduction of beam lifetime. Observation of the panicle loss in vicinity of the CDF-detector clearly demonstrates that the minimum loss is achieved at c,,y = 0 [I] , and the loss increases with growth of absolute value of the chromaticity. That stimulated us to investigate a driving mechanism for this instability. as well as to search for possible solutions to ope.rate at zero chromaticities. The measurements performed in November 2M)Z exhibited that the transverse impedance significantly exceeds the Run I1 transversz impedance budget [21. The source of the excessive impedance was tracked to two laminated lam- To compute the transverse impedance with good accuracy we build a computer model of the instability. An ensemble of macro-particles with the Gaussian longitudinal distribution has been tracked many turns for paxticles interacting through the resistive wake field. The Landau damping was not taken into account in the model, and therefore matching the measurements and simulations yields the low boundary for the transvem impedance. The measurements were performed at the injection orbit where the growth rate is 120 s-'. That On the injection orbit, the head-tail instability is polarized in the vertical plane at positive chromaticities. Stability is limited by excitation of the quadrupole mode with longitudinal number 1=2 (see Fig. 4 ). The coherent mode with the monopole longitudinal configuration I=O limits stability in horizontal plane when 5, -1.
Horizontal and vertical impedances of Eq. 2 are approximately equivalent. but the stability bounds for the vertical and horizontal modes are different (Fig.3) . A possible reason could be related to the space charge tune shifts, which are different for the two planes because of dispersion. The vertical incoherent shift is two times larger than the horizontal shift. Calculated coherent tune shifts for the first two horizontal modes are found to be comparahle with the incoherent space-charge tune shift that promotes Landau damping due to a synchrotron tune spread. The vertical modes are in worse conditions because the space-charge shift is higher. At Tevatron injection energy the synchrotron tune and m -t u n e spread are: v, -1.8. IIJ~,SY, =22. W . These experimental studies clearly identified the transverse coherent instability as a single bunch head-tail effect, driven by resistive wall impedance [5] .
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SPACE CHARGE EFFECT
The space charge effect results in a non-linear incoherent detuning and plays important role in coherent headtail dynamics. Laslett tune shifts due to electric-and magnetic-image fields are not included in our consideration because for the Tevatron performance parameters, the image terms are negligibly small as compared with a contribution of the electromagnetic self-fields. For the 3D-Gaussian charge distribution the direct space-charge linear tune shifts are given bv:
where uxr.y(r) = ~& , . , B , . , ( a ) + D f~( s~~, , l , are the transverse beam sizes, the (...) -denotes averaging over the machine. For Nppb=2.6.10" and os = 90cm, il comes out as: 
DAMPING OF THE HEAD-TAIL MODES
Presently, in order to work at low chromaticities ( i x =6,{, =4), the transverse dampers are used to prevent an excitation of the transvem instability at the multibunch mode of operation 171.
An universal method for damping the instability is to introduce a betatron frequency spread that is larger than the growth rates. Landau damping is effective when the following approximate condition is satisfied In both cases the widths of betatron spectra measured by Schottky monitor are in a reasonable agreement with this calculation taking into account the contributions from the synchrotron and direct space-charge tune spreads. The octupole cubic non-linearity has the positive sign that is better from dynamic aperture point of view since the vertical tune is slightly above the resonance vy= 4i7. Besides, it has the "right" sign to minimize the octupole strengths of the OZD-family in consequence of:
(AT -ATh(l=O))>O In the horizontal plane the incoherent and coherent tune shifts are comparable but the space-charge tune spread does not promote landau damping without octupoles.
CONCLUSION
The observed single-bunch head-tail instability has been found to he dnven by the resistive impedance of laminated Lambeltson magnets. To reduce the impedance, the insertion of a thin shielding liner inside the magnet is planned. It is expected that it will stabilize the higher order head-tail modes at positive chromaticities and significantly reduce the growth time at negative chromaticities.
Landau damping through the octupole-generated betamn tune spread for all of the unstable head-tail modes at positive and negative chromaticities has been seen. After performing additional experimental studies, this method is planned to he involved in the routine machine operations. That will result in an enhancement of the peak and integrated luminosity.
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